Abstract. Deformation luminescence of a composite obtained on basis of the polymer material polymethylmethacrylate and fine-dispersed powder of SrAl 2 O 4 :(Eu 2+ , Dy 3+ ) phosphor is investigated. The luminescent (sensory) layer responsive to mechanical action is formed in the surface layer of the polymethylmethacrylate that is transparent in the visible spectrum. The kinetics of deformation luminescence and the photoluminescence spectra of the SrAl 2 O 4 :(Eu 2+ , Dy 3+ ) phosphor microparticles in the polymethylmethacrylate matrix have been studied. Photoluminescence was excited by the nanosecond pulses of the laser with the wavelength λ=355 nm. The shock action on the sensitive luminescent layer was realized by a hammering device and an impulse of an acoustic wave generated by a nanosecond laser pulse. It has been shown that the produced mechanoluminescent layer is highly sensitive to short acoustic and mechanical shock (normal and tangential) actions and can be used in registration and visualization of mechanical actions.
Introduction
The investigation of the physical effects emerging in the solids under external electric and magnetic fields and mechanical action is of fundamental and practical interest.
The materials whose response to an external mechanical action is manifested as optical radiation attract great interest as they can serve the basis for production of the devices and facilities for detection, registration, visualization and recording of external actions (shock, vibration, deformation, etc.) [1] [2] [3] [4] [5] . A great quantity of materials is known to be capable of effective converting mechanical influence to an optical signal. Of special interest are the materials with the emission spectrum (deformation luminescence or mechanoluminescence spectrum) belonging to the visible region, ZnS:Mn 2+ being one of them [6] . By now, new powder materials have been produced which display high values of "mechano-optical" conversion, and their mechanoluminescence spectrum overlaps the whole of the visible region.
For example, the fine-dispersed powders of reveal it in the green region [9] [10] [11] [12] , and CaZnOS:Mn 2+ and Sr n-1 Sn n O3 n+1 :Sm 3+ -in the red region [2, 13] . The work is being continued on the synthesis of new mechanoluminescent materials with higher coefficients of mechanoluminescence efficiency and on studying the mechanisms of mechanoluminescence excitation.
In this paper, the mechanoluminescent layer sensitive to mechanical action (sensory layer) is formed directly in the surface layer of the polymer material polymethylmethacrylate (substrate) that is transparent in the visible region. The kinetics of glow and the mechanoluminescence and the photoluminescence spectra of the SrAl 2 O 4 :(Eu 2+ , Dy 3+ ) phosphor microparticles in the polymethylmethacrylate matrix excited by the action of short laser pulses and the mechanical hammer have been studied.
Materials and Experimental Procedure
In the samples prepared for the investigation the surface layer of the substrate material was a mechanoluminescent layer. Polymethylmethacrylate transparent in the visible region was chosen to be the substrate material. The mechanoluminescent layer was formed in the surface layer of the polymethylmethacrylate. The plate surface was preliminarily covered with a layer of dichloroethane (Δh2≈1-2 mm thickness). As the result of dissolution of the polymethylmethacrylate surface layer in dichloroethane, a liquid layer of polymethylmethacrylate solution was formed in 10-15 min on the surface of the solid polymethylmethacrylate plate. Then, the surface of the liquid layer of polymethylmethacrylate solution was covered with a thin layer (100-150 μm) of mechanoluminescent fine-dispersed powder of SrAl 2 O 4 :(Eu 2+ , Dy 3+ ) phosphor with the grain size of 0.5-30 μm. A flat and smooth metal plate of stainless steel (or another metal plate) h=100 μm thick was placed on the powder layer. The diffusion of the phosphor particles into the solution and its solidification in the surface layer of the transparent substrate resulted in the formation of a responsive to mechanical action mechanoluminescent composite layer of 150-200 μm thickness based on the polymethylmethacrylate and the mechanoluminescent powder of SrAl 2 O 4 :(Eu 2+ , Dy 3+ ) phosphor. As the substrate is transparent, the glow (mechanoluminescence) emerging under the action of laser pulses and the mechanical hammer on the mechanoluminescent layer from the side of the metallic plate can be registered from the substrate side. Figure 1 presents the experimental setup for investigation of the kinetics of mechanoluminescence excited by the action of mechanical hammer and short laser pulses. The mechanical hammer was a metal rod of l=3 cm length and d 0 =0.3 cm diameter, one of its ends being cone-shaped with the vertex radius r≈0.5 mm. The rod was inserted into the pipe containing a spring. Pulling the spring off made it possible to shoot the hammer from the pipe in the direction of the sample under study. To excite mechanoluminescence by short acoustic pulses, a laser with short pulses was used. The laser pulse was focused on the surface of the stainless-steel plate to a spot of d las = 0.52.0 mm diameter. At the cost of material evaporation and emergence of vapor pressure impulse, the laser pulse gave birth to an acoustic pulse. Propagating through the metal plate, the acoustic pulse reaches the mechanoluminescent layer contacting with the metal plate and excite the mechanoluminescence signal.
Results and Discussion
Several approaches to the explanation of the mechanism of mechanoluminescence excitation in powder materials are currently known. One or another mechanism can prove to be prevailing in different materials. Common to these approaches is associating mechanoluminescence with activation of traps under the mechanical action. [14] [15] [16] [17] .
Finding out the mechanism of mechanoluminescence in the materials under study requires knowing the structure of the electron levels of impurities and intrinsic defects. Regretfully, these data are at present not available. On excitation with radiation of λ≤450 nm the photoluminescence spectrum of phosphor powders presents a single inhomogeneously broadened band with a maximum at λ=525 nm, that practically occupies the whole of the visible region Figure 2a . Figure 4 shows the scheme of the experimental setup used for visualization of the mechanical actions. The mechanoluminescent layer (containing no stainless-steel plate) prepared using the procedure described above is a sensing cell. By way of illustration, Figure 5 demonstrates the trajectory (track) of the stylus-like object moved by hand over the surface of the mechanoluminescent layer. The mechanoluminescent signal was registered from the back side of the substrate.
Conclusions
A method of formation of the mechanoluminescent composite layer based on the polymethylmethacrylate and the SrAl 2 O 4 :(Eu 2+ , Dy 3+ ) phosphor powder in the surface layer of the polymethylmethacrylate transparent in the visible region is suggested. To excite mechanoluminescence, the short acoustic impulses generated by a nanosecond laser were used.
When photoluminescence is excited by short and powerful laser pulses ( las ≈8nc, I las ≥710 6 W/cm 2 ), additional photoluminescence lines are found in the photoluminescence spectrum. A scheme of electronic transitions corresponding to these lines is proposed.
It has been shown that the produced mechanoluminescent layer is highly sensitive to short acoustic and mechanical shock (normal and tangential) actions and can be used in registration and visualization of mechanical actions.
